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INTRODUCTION 2
This title would or rather could include in its scope an inves­
tigation that would necessitate an amount of time far surpassing what 
would be possible in the usual time allotted to the preparation of a 
thesis. It is our intention to discuss in this treatise only what 
we consider the most aesthetic and economical design of a three- 
hinged arch to take the place of the present crescent truss used in 
the Seventh Regiment Armory in Chicago.
To do this it has been necessary for us to follow a method 
something as follows:-
It has been our sincerest desire and intention so to de­
sign the arch roof that its price would not be prohibitive and that 
its presence as an exposed part of the interior structure would be 
an ornamental as well as a necessary asset.
At present the crescent truss so obscures the semicircular 
window area at either end of the building that, discounting the end­
less number of shadows and the loss of light as a direct result, 
there is a detrimental result aesthetically which makes the interior 
seem rather inartistic and inharmonious with the large floor area.
We are using as a means of attack, first a set of pictures of 
the Armory as it is today, emphasizing the network of steel, and a 
perspective view as it would look with the three-hinged arch designed 
herein. From a comparison of these illustrations the aesthetic 
features of each are plainly evident. In order to treat the two 
steel arrangements economically we are making an estimate of the 
cost of the present truss per square foot of floor area covered and 
comparing this with a like estimate of the three-hinged arch thereby 
arriving at an approximate economical comparison. We realize the 
incompatibility of such estimates with the final and actual cost, as
3is nearly always the case.
ORIENTATION OF THE ARMORY
The above picture gives an idea of the appearance of the Seventh 
Regiment Armory. It is situated on Wentworth Avenue between 33rd 
and 35th Streets in Chicago, the front being on ¥/entworth Avenue 
facing west. It is free on the four sides from obstructions of the 
light, due to the unoccupied playground on the north, the street on 
the west, the Armory Officer’s Headquarters on the south, which is 
a small building adjoining, and the C., R. I. P. Rys. tracks in 
the rear.
The roof which is apparently very flat with the present roof 
truss is made to look considerably more curved and a little higher 
by the use of the three-hinged arch designed in this thesis, and
also by the omission of dormers on the sides.
The building is 257 feet long, and 167 feet wide externally 
and has.a floor space of 224 feet by 118 l/2 feet. This space is 
spanned by 8 trusses 32 feet on centres of 118 feet 6 inches span. 
This span and spacing has been retained as it is probably the most 
economical for the design of the arch roof truss.
DESIGN
After obtaining from the State Architect, who was in charge of 
the erection and design of this Armory, a set of the finished 
prints and of the specifications for the same we, retaining as has 
been intimated the general features of the present design such as 
the floor size and column spacing.decided on an arrangement of mem­
bers and a height of truss which we in our best judgment deemed 
feasible and correct.
The first style of truss considered was one in which the upper 
and lower chords were channels placed back to back with half-inch 
gusset plates at the joints. The loads on this truss were divided 
into the following kinds
Dead Load. The dead load consists of the weight of the 
steel on the truss itself and the weight of the concrete roof. The 
steel was estimated by calculating the weight of the present truss 
and apportioning this over the area using a curve which we devised 
from the proportional weights per lineal foot of span as acting in 
the well-known Illinois Central Train Shed roof truss.
Snow Load. In the determination of snow loads two possibl 
conditions were arranged for; one of these was the weight of snow 
per square foot of horizontal projection when the snow occupied the 
entire roof; the other of these takes place when there is snow on 
but one side of the roof.
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Wind Load. In determining the wind load the pressure of 
thirty pounds per square foot of vertical projection was assumed 
this being resolved into a normal pressure by Dr. N. 0. Ricker’s 
straight line formula as developed from the curves given in Bulletin 
No. 16, University of Illinois Experiment Station.
Balcony Load. This balcony load was obtained by making a 
careful estimate of the weight of the steel frame and concrete floor 
and stair together with the loads produced by the locker room floor 
and by the balcony roof. This total load was assumed as acting at 
the haunch of the arch, in accordance with correct present practice.
STRESSES. In determining the stresses in the members of the 
truss, the graphical method was used. Stress diagrams to an appro­
priate scale were drawn showing the effect on the various members, 
of the dead load, the snow load over the whole truss, of the snow 
load of one side of the truss on the other, of the wind load, and of 
the balcony and its accessories. With these stresses to work from 
a combination for each member was worked out which under extreme 
conditions would produce a maximum stress. This arrangement is 
indicated on pages 8 and 9 .
The first truss consisting, as has been stated, of channels 
back to back for the upper and lower chords and of angles back to 
back for the web members was designed in accordance with the calcu­
lated maximum stresses. As the appearance of this truss was made 
awkward by the presence of large gusset plates it was decided to re­
design using two angles and a web plate with the necessary cover 
plates for the upper and lower chords. The idea of making the 
trusses more than mere structural members by avoiding the irregular 
outlines which inevitably result from the usual methods of detailing 
was obtained from a reference to the new State Educational Building
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museum at Albany in which continuous web plates have been used, 
materially enhancing the interior where open steel work was 
necessary.
I
TABLE OF LOADS
Panel Point 1st 2nd 3rd
Panel Length 5 ’' -7" 6 '-2''
Snow Area (Hor. Pros.) 89 188 207
Concrete Per Purlin 6860 13720 13720
Truss Per Purlin 1400 2000 1700
Snow Per Purlin 1780 3760 4140
Wind Per Purlin 3960 7400 6340
D+S Acting Vertically 10040 19480 19560
W+D+S Acting Normally 13300 25880 24740
D+S Acting Normally 9340 18480 18400
Purlin Weight 1340 1340 1340
GRAND TOTAL (Normal) 19455 19490
5 th 6th 7 th 8 th 9 th
-2" 7''-8” 7 ’-11" 00tz021CO ' -3”
238 242 257 263 241
13720 13720 13720 13720 12510
1200 900 700 400 100
4760 4980 5140 5260 4820
4220 3170 1848 1056 0
19610 19600 19560 19380 17430
21780 19770 17408 15056 11550
17560 16600 15560 14000 11550
1340 1340 1340 1340 1340
18785 17880 16876 15340 12890
4 th
-9"
223
13720
1500
4460
5280
19780
23430
18150
1340
19310
8
STRESSES IN THOUSANDS OF POUNDS
Mem­ Dead
ber Load
D
A-l - 28.5
A-2 - 23.5
A-4- + 13.0
A-6 + 46.3
A-8 + 69.7
A-10 + 79.0
A-12 + 86.5
A-14 + 90.8
B-16 + 69.0
C-18 + 81.5
D-20 + 76.0
E-22 + 63.4
F-24 + 42.7
G-26 + 18.8
H-28 - 8.8
J-30 - 29.0
K-31 - 30.3
M-l -123.7
M-3 -139.6
M-5 -173.0
M-7 -206.7
M-9 -221.4
M-ll -220.9M-13 -208.8
M-15 -191.0
M-17 -192.9
M-19 -187.5
M-21 -167.6
M-23 -142.7
M-25 -111.7
M-27 - 79.7
M-29 - 46.7
M-31 - 26.1
1_2 + 15.5
2-3 + 64.6
3-4 - 53.4
4-5 + 58.0
5-6 - 47.5
6-7 + 47.0
7-8 - 33.5
8-9 + 17.5
9-10 - 12.8
10-11 - 6.5
11-12 + 4.7
12-13 - 25.0
13-14 + 18.5
14-15 - 43.9
15-16 - 11.3
16-17 - 17.4
Snow Snow on
Load One Side
SOA SOS
-11.2 + 2.2
- 9.5 + 1.8
+ 3.2 + 8.1
+16.8 +15.1
+28.7 +21.5
+31.4 +23.6
+29.2 +23.7
+22.7 +21.3
+28.4 +23.7
+33.3 +30.5
+31.5 +35.2
+26.5 +38.9
+18.8 +39.8
+ 9.2 +38.0
- 1.4 +28.2
- 9.5 + 7.3
-10.1 + 7.8
-43.2 -13.5
-48.5 -17.5
-62.1 -24.4
-74.2 -30.9
-78.1 -33.5
-77.2 -34.1
-72.5 -32.8
-65.8 -30.2
-68.3 -37.1
-68.5 -43.3
-62.5 -47.8
-53.6 -51.0
-42.4 -51.3
-30.0 -48.7
-17.4 -38.2
- 9.0 -17.5
+ 6.1 - 1.2
+22.0 + 1.1
-18.0 - 0.9
+20.5 +10.8
-15.3 - 8.1
+19.0 + 9.1
-12.0 - 6.5
+ 4.0 + 3.1
- 3.0 - 2.3
- 3.2 + 0.2
+ 2.3 - 0.2
- 9.5 - 3.5
+ 7.0 + 2.5
-16.0 - 6.3
- 6.6 -11.0
- 3.3 + 5.0
Balcony- Wind
Load Load
B W
-11.3 -16.8
- 9.4 -14.0
- 9.8 -19.8
-10.4 -26.5
-11.6 -33.1
-13.0 -33.6
-14.4 -38.3
-15.7 -38.6
+ 1.7 -45.7
+ 1.6 -59.6
+ 1.4 -69.2
+ 1.2 -74.7
+ 0.9 -73.9
+ 0.7 -66.9
+ 0.5 -49.0
+ .0.3 -19.7
+ 0.3 -20.9
-10.3 - 2.1
- 8.1 + 4.1
- 7.5 +10.9
- 6.3 +17.5
- 5.0 +21.4
- 3.6 +23.7
- 2.3 +24.1
- 1.4 +23.3
- 1.3 +40.2
- 1.2 +54.4
- 0.9 +64.0
- 0.7 +68.9
- 0.4 +67.3
- 0.1 +58.9
+ 0.1 +40.0
+ 0.3 +10.0
+ 6.3 + 9.3
- 0.7 -10.0
+ 0.6 + 8.1
- 1.0 -10.3
+ 0.8 + 7.7
- 1.7 _ 9.4
+ 1.2 + 6.7
- 2.0 - 5.2
+ 1.5 + 3.9
- 2.1 - 2.9
+ 1.5 + 2.0
- 1.9 + 0.5
+ 1.4 - 0.3
-1.6 + 3.2
+ 0.1 +25 i 3
- 0.3 - 1.8
Combination 
for Maximum
W+D+B
W+D+B
W+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
W+D+B
W+D+B
W+D+B
W+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
W+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOA+D+B
SOS+D+B
W+D+B
Maximum
- 56.6 
-46.9
- 16.6 
+ 52.7 
+ 86.8  
+ 97.4 
+101.3 
+ 97.8 
+ 99.1 
+116.4 
+108.9 
+ 91.1 
+ 62.4
- 47.4
- 57.3
- 48.4 
-50.9 
-177.2 
-196.2 
-242.6 
-287.2 
-304.5 
-301.7 
-283.6 
-258.2 
-262.5 
-257.2 
-231.0 
-197.0 
-154.5 
-109.8
- 64.1
- 34.8 
+ 31.1 
+ 85.9
- 70.8 
+ 77.5
- 62.0 
+ 64.3
- 44.3 
+ 19.5
- 14.3
-  11.8
+ 8.5
- 36.4 
+ 26.9
- 61.5
-  22.2
- 35.4
9STRESSES IN THOUSANDS OF POUNDS
Mem­ Dead Snow Snow on Balcony Wind Combination Maximum
ber Load Load One Side Load Load for Maximum
D SOA SOS B W
17-18 - 1.5 - 3.1 -10.0 +0.2 +20.3 SOS+D+B -11.0
18-19 -35.3 -11.2 + 0.1 -0.4 - 6.9 SOA+D+B -46.9
19-20 +20.0 + 6.0 - 6.3 +0.3 +12.8 W+D+B +33.1
20-21 -36.0 -12.3 - 1.0 -0.3 - 1.9 SOA+D+B -48.6
21-22 +26.0 + 9.3 - 4.6 +0.3 + 7.0 SOA+D+B +35.6
22-23 -37.0 -13.0 - 4.1 -0.3 + 4.9 SOA+D+B -50.323-24 +32.5 +11.7 - 1.0 +0.3 - 0.9 SOA+D+B +44.5
24-25 -32.0 -12.0 - 5.5 -0.2 + 8.6 SOA+D+B -44.2
25-26 +32.4 +12.5 + 2.1 +0.3 - 8.0 SOA+D+B +45.2
26-27 -28.0 -10.5 - 7.9 -0.2 +12.3 SOA+D+B -38.7
27-28 +33.3 +12.7 +10.7 +0.2 -19.4 SOA+D+B +46.2
28-29 -20.4 - 7.8 - 9.5 -0.1 +13.3 SOA+D+B -28.3
29-30 +23.0 + 9.1 +22.3 +0.2 -31.3 SOS+D+B +45.5
30-31 - 1.3 - 0.9 - 3.1 -0.2 + 8.4 W+D+B + 6.9
Figures 1 and 2 illustrating the Network of Steel in the
Present Truss. Compare with Plate 1.
11
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Figures 4 and 5 illustrating the Network of Steel in the
Present Truss. Compare with Plate 1.
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Calculated and Adjusted Sizes of Members.
After obtaining the maximum stresses in the members of the 
truss by combining the stresses as scaled from the diagrams a pre­
liminary design was made to serve as a guide for later adjustment.
In this preliminary design every member was designed separately 
with the idea of obtaining the most economical section.
For the web members a section composed of two unequal legged 
angles with the longer legs back to back was used as this arrange­
ment gives radii of gyration about the two axes parallel to the 
legs respectively, nearly equal, and hence is an economical form 
for struts. Practically no adjustments were made in the size of 
web members. The only changes were made by making the 2 l/2 x 2 x 
5/l6 angles in members 2 l/2 x 2 l/2 x 5/l6 angles due to the fact 
that it was necessary to use rivets in both legs, the minimum leg 
for 3/4" rivets being 2 l/2 inches.
Channels were at first thought of for the chords. By spreading 
the channels and using lacing bars or batten plates a very economical, 
section could be obtained so far as weight was concerned. The 
channel adapts itself fairly well to aesthetic design by keeping 
out unsightly gusset plates when they are sufficiently far apart 
to admit the web angles, affording in this way direct connection to 
their webs. However, several reasons led to the adoption of a 
section composed of angles and plates as shown in Plate II. Chan­
nels are difficult to bend especially in the larger sizes and it 
was desired to make the lower chord a continuous curve. This would 
necessitate joints in the channels at each of the joints of the 
truss ; these joints must be ground and carefully spliced thus in­
creasing the shop cost. The angles and plates possess some ad­
vantages in this regard. The angles being relatively small are
13
easily bent. The cover plate may be bent as it is applied and 
the web plate is cut to shape without bending. The web plate also 
affords a means of omitting gusset plates and was so used in our 
design. By doing away with the unsightly gusset plates the appear­
ance of the truss is greatly enhanced.
Considerable adjustment was made in the chord section from 
those of the preliminary design. In nearly all cases the web plate 
was widened to take the required number of rivets as in members 
M-15 and M-17 • Auxiliary back angles were used in the
web members both to take advantage of the increased efficiency and 
to decrease the necessary width of the chord web.
In calculating the compression members the formula 
= 16 000 - 70 was used,
where
Sf = safe fibre stress
1 = length in inches
r — least radius of gyration.
The tension members were designed for a fiber stress of 16 000 
pounds per square inch, proper allowance being made for the de­
duction for rivet holes.
PURLINS
Purlins were first designed as I-beams, but this was abandoned 
when it was decided to brace the lower chord of the arch by means 
of struts to the purlins* Owing to the difficulty of making suit­
able connection and as great bending moments might be caused in the 
center of the purlins due to the buckling tendency of the lower 
chord in a lateral direction, it was decided to use a lattice type 
of purlin. The web members are of the minimum size angles. The 
lower chord, due to the necessity of rivets in both legs was made
of 2 l/2 x 2 l/2 angles. The top chord requires a larger section. 
Many of the web members have an excess of area, but even with this 
there is a saving of between 30 or 40 per centage in the weight of 
the lattice purlin over the I-beam purlin, which would about equal- ; 
ize the extra shop cost in the former.
The general scheme of bracing the bottom chord of the truss is 
shown in Plate XIX , all purlins being illustrated in the one 
diagram. Details of the typical connections and joints are given*
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PRELIMINARY DESIGN OF MEMBERS 15
Mem­
ber
Stress
M of #
Length
in
Feet
Assumed
Sf
M Of # 
per
sq. in.
Req’d 
Area 
sq. in
A-l - 56.6 3.57 13.2 4.28
A-2 - 46.9 2.79 13.8 3.40
A-4 - 16.6 3.46
A-6 + 52.7 16.0 3.84i
A-8 + 86.8 16.0 6.17
A-10 + 97.4 16.0 7.01
A-12 +101.3 16.0 7.26
A-14 + 97.8 16.0 7.04
B-1S + 99.1 16.0 7.13
C-18 +116.4 16.0 . 8.20
D-20 +109.9 16.0 7.73
E-22 + 91.1 16.0 6.63
F-24 + 62.4 16.0 4.83
G-26 - 47.4 8.29 9.0 5.27
H-28 - 57.3 8.29 9.5 6.02
J-30 - 48.4 8.29 9.0 5.37
K-31 - 50.9 3.54 12.7 4.0
M-l -177.2 3.58 14.5 12.25
Assumed Section Area Least
r
Actual
Sf
M of 1 
per 
sq.in.
2-3tx3|x5/l6 Zs 4.18 1.08 13.2
2-3-|x3-|x5/l6 Zs 4.18 1.08 13.8 1
2-3£x 3$x 5/16 Zs 4.18 1.08
2-3£x 3-|x 5/16 Zs 4.18
2-3-|x3-|x5/l6 
l-5x-|- Plate
Zs 6.68
2 - 3-|x 3-h-x 5/16 
l-6x£ Plate
Zs 7.18
2-3fx3|x5/l6 
l-6fxi Plate
Zs 7.43
2-3|x3-|x5/l6 
1-6-gx^ - Plate
Zs 7.43
2-3|-x3-|x5/l6 
l-6xi Plate
Zs 7.18
2-3-|x3|-x5/l6 
l-8x-§- Plate
Zs 8.18
2-3-§-x3^x5/l6 
l-7|x-| Plate
Zs 7.93
2-3^x3i*x5/l6 
l-5x-g- Plate
Zs 6.68
2-3jx3-|x5/l6 
l-3-|x-| Plate
Zs 5.93
2-3x3-|x5/l6 
l-4x-| Plate
Zs 5.88 1.00 9.0
2-3x3-|x5/l6 
l-4-|x|- Plate
Zs 6.13 1.07 9.5
2-3x3-|x5/l6 
l-4x-| Plate
Zs 5.88 1.00 9.0
2-3x3-1x5/16 
l-4xi Plate
Zs 3.88 .90 12.7
2-6x6x| /s l-8x-|- PlalTe 12.72 2.19 14.6
PRELIMINARY DESIGN OF MEMBERS (continued )
Mem­
ber
Stress Length Assumed
Sf
Req ’d
Area
Assumed Section Area Least Actual
M-3 -196.2 2.75 14.5 13.5 2-6x6x§ /s 1-10x4 Plate 13.72 2.12 14.9
M-5 -242.6 3.5 14.47 16.78 2-6x6x* /s 1-16xf‘'Plate 16.72 1.93 14.47
M-7 -287.2 4.0 14.5 19.8
2-6x6x-| /s 
1-8x4 Plate 
l-14x-|Plate
19.72 2.27 14.5
M-9 -304.5 4.13 14.5 21.0
2-6x6xf /s 
1-11x4 Plate 
1-14x4 Plate
21.22 2.9 14.8
M-ll -301.7 5.17 14.5 20.8
2-6x6x§ /s 
1-11x4 Plate 
l-14x| Plate
21.22 2.9 14.5
M-13 -283.6 6.42 14.0 20.2
2-6x6xf- /s 
1-10x4 Plate 
1-14x4 Plate
20.72 2.72 14.0
M-15 -258.2 7.33 13.3 19.4
2-6x6xf /s 
1-8x4 Plate 
1-14x4 Plate
19.72 2.27 13.3
M-17 -262.5 7.5 13.22 19.8
2-6x6xf /s 
1 -8x4 Plate 
1-14x4 Plate
19.72 2.27 13.22
M-19 -257.2 7.58 13.2 19.5
2-6x6xf Is 
1-8x4 Plate 
1-14x4 Plate
19.72 2.27 13.2
M-21 -231.0 7.67 12.8 18.0
2-6x4xf /s 
1-8x4 Plate 
1-14x4 Plate
18.22 2 . 0 6 12.8
M-23 -197.0 7.75 12.97 15.2
2-6x4x§ /s 
1-8x4 Plate
1-14x5/16 Plate
15.22 2.15 12.97
M-25 -154.5 7.83 13.3 11.6 2-6x4xf /s 1-84x4 Plate 11.47 2.47 13.34
M-27 -109.8 7.90 11.48 9.5 2 - 6 x 4 x -| /s 1-5x4 Plate 9.72 1.47 11.48
M-28 - 64.1 8.0 2-6x4xf /s 7.22
M - 31 - 34.8 3.63 2-6x4xf /s 7.22
PRELIMINARY DESIGN OF MEMBERS (continued) 17
Mem­
ber
Stress Length Assumed
sf
Req'd
Area
Assumed Section Area Least Actual
1-2 +31.1 16.0 2.48 2-2x2-|x5/l6 /s 2.62
2-3 +85.9 16.0 6.02 2-5x3ixf 6.10
3-4 -70.8 4.00 13.7 5.17 2-5x3-|x-| Is 6.10 1.51 13.70
4-5 +77.5 16.0 5.51 2-5x3x-| /s 5.92
5-6 -62.0 4.13 13.2 4.7 2-5x3x| Is 4.82 1.26 13.24
6-7 +64.3 16.0 4.88 2-5x3x5/16 Is 4.82
7-8 -44.3 4.30 12.0 3.69 2-3x2^xf /s 3.86 .94 12.13
8-9 + 19.5 16.0 1.68 2-2ix2x5/l6 /s 2.62
9-10 -14.3 5.17 11.4 1.26 2-2-1x2x5/16 /s 2.62 .78 11.43
10-11 -11.8 7.17 8.2 1.44 2-2|-x2x5/l6 Is 2.62 .78 8.28
11-12 + 8.5 16.0 1.25 2-2-|x2x5/l6 Is 2.62
12-13 -36.4 8.90 10.0 3.64 2-4x3x5/16 /s 4.18 1.27 10.IS
13-14 + 26.9 16.0 2.15 2-2-|x2x5/l6 2 .6 2
14-15 -61.5 11.10 10.1 6.10 2-5x3x7/16 [_s 6.62 1.60 10.15
15-16 -22.2 12.13 6.8 3.25 2-3-|x2-|x5/l6 l_s 3.56 1.11 6.82
16-17 -35.4 9.13 9.9 3.58 2-4x3x5/16 /s 4.18 1.27 9.95
17-18 -11.0 10.83 6.0 1.83 2-3x2ix5/l6 Is 3.26 .94 6.3
18-19 -46.9 7.50 11.0 4.27 2-4x3xf /s 4.98 1.26 11.0
19-20 + 33.1 16.0 2.54 2-2|x2x5/l6 /s 2.62
20-21 -48.6 6.38 11.5 4.22 2-4x3x| 4.98 1.26 11.74
21-22 + 35.1 16.0 2.66 2-2|-x2xf /_s 3.10
22-23 -50.3 5.38 12.4 4.06 2-4x3xf /s 4.98 1.26 12.42
23-24 +44.5 16.0 3.25 2-3x2-1x5/16 /s 3.26
24-25 -44.2 4.50 13.0 3.40 2-4x3x5/16 /s 4.18 1.27 13.04
25-26 + 45.2 16.0 3.29 2-3-|x2-|x5/l6 Is 3.56
26-27 -38.7 3.60 13.0 2.98 2-3-|-x2-gX5/l6 Is 3.56 1.11 13.27
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PRELIMINARY DESIGN OF MEMBERS (concluded)
Mem­
ber
Stress Length Assumed
sf
Req 'd 
Area
Assumed Section Area Least Actua]
27-28 +46.2 16.0 3.36 2-3-|x2ix5/l6 £s 3.56
28-29 -28.3 3.0 12.5 2.27 2-3-|x2xf /s 3.10 .77 12.7S
29-30 +45.5 16.0 3.31 2-3-|x2-|x5/l6 /s 3.56
30-31 + 6.9 16.0 .90 2-2-|x2x5/l6 l_s 2.62
Member Length
ADJUSTED SIZES OP MEMBERS 
Size
Angle
A—l 3 1 -8,f 4-3|rx3|x5/l6
A-2 2*-9” 2-3irx3-|x5/l6
A-4 3 • -6" 2-3|x 3^x 5/16
A-6 4 ’ -0M 2-3^x31x5/16
A-8 4 1 -0” 2 - 3-|x 3-| x 5/16
A-10 5 ’ -O'* 2-3ix3ix5/l6
A-12 6' -0" 2-3|-x3ix5/l6
A-14 6'-9" 2 - 3-gX 3-rj-x 5/l6
B-16 8' -3” 2-3|-x3^x5/l6
0-18 8' -3M 2-3ix3-|x5/l6
D-20 8 • -3” 2-3^x3£x5/l6
E-22 8 * —3M 2-3x3§x5/l6
P-24 8 ' -3” 2-3x3|-x5/l6
0-26 8 ' -3” 2-3x3ix5/l6
H-28 8 ' -3W 2-3x3ix5/l6
J-30 8 ’-3” 2-3x3^x5/l6
K-31 3 * -8M 2-3x3-1x5/16
M-l 3*-8” 4-6x6x|-
M-3 2' -9M 2-6x6xf
M-5 3 • -6M 2-6x6xf
M-7 4 ’-l" 2-6x6xf
M-9 4 * -1M 2-6x6x§
M-ll 5'-3” 2-6x6x-|
M-13 6' -5" 2-6x6xf
M-l 5 7»_2« 2-6x6xf
M-17 7' -6M 2-6x6xf
M-19 7 * -8M 2-6x6x|
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Web Plate Cover Plate Area
Solid 8.36
Solid 4.18
None 4.18
None 4.18
Solid 4.18
14x1- 11.18
14x1 11.18
14x1 11.18
16x1 12.18
16x1 12.18
15x1 11.68
15x1 11.38
15x1 11.38
14x1 10.88
13x1 10.38
Solid 3.88
Solid 3,88
Solid 17.44
Solid 8.72
None 8.72
None 8.72
Solid 14x1 15.72
14x1 14x1 22.72
14 tol6x! 14x1 23.22
16x1 14x1 23.72
16x1 14x1 23.72
l6x|- 14x1 23.72
ADJUSTED SIZES OF MEMBERS (continued) 20
Size
Member Length Angle
M-21 7' -8" 2-6x6xf
M-23 7 * -9” 2-6x4xf
M-25 7'-11" 2-6x4xf
M-27 7 *-11” 2-6x4xf
M-29 8 ’ -0* 2-6x4xf
M-31 5'-8” 2-6x4x-|
1-2 4»-0" 2-2-|x2x5/l6
2-3 4'-11" 2-5x3|xf
3-4 4 * -0 w 2-5x3-|x|
4-5 5' -4” 2-5x3xf
5-6 4 * -1” 2-5x3x5/16
6-7 5*-9" 2-5x3x5/16
7-8 4 ’-5” 2-3x2-|xf
8-9 5*-11" 2-2l-x2x5/l6
9-10 5 ,-2” 2-2|x2x5/l6
10-11 7 * -3” 2-2 t.-x2x 5/16
11-12 6*-6" 2-2|-x2x5/l6
12-13 8'-10” 2-4x3x5/16
13-14 8 * -9” 2-2|-x2x5/l6
14-15 11*-0" 2-5x3x7/16
15-16 12’-2” 2-3-|x2ix5/l6
16-17 10*-1” 2-4x3x5/16
17-18 10 *-11” 2-3x2ix5/l6
18-19 7'-6** 2-4x3xf
19-20 10' -4” 2-2ix2x5/l6
20-21 6' -5” 2-4x3xf
Web Plate Cover Plate Area
16 to 15 x 12 14x1- 23.72
15x-| 14x1- 21.72
15 to 12 x 12 20.97
12x| 20.22
Solid 7.22
Solid 7.22
2.62
6.10
6.10
5.72
4.82
4.82 
3.86
2.62
2.62
2.62
2.62
4.18
2.62 
6.61 
3.56
4.18 
3.26 
4.98
2.62
4.98
ADJUSTED SIZES OF id EMBERS (concluded)
21
Member Length
Size
Angle Web Plate Cover Plate Area
21-22 9'-10" 2-2ix2-|x§ 3.48
22-23 5 ’-5" 2-4x3x|r 4.98
23-24 9*-5" 2-3x2-^x5/l 6 3.26
24-25 4 ’-6" 2-4x3x5/16 4.18
25-26 9' -0” 2-3fx2-|-x5/l6 3.56
26-27 3' -8m 3-3-|x2-|-x5/l6 3.56
27-28 8 * -9" 2-3^x21x5/16 3.56
28-29 3' -0 " 2-2l-x2|xf 3.48
29-30 8 * -7” 2-3-lx2lx5/l6 3.56
30-31 2 * -7” 2-21x2x5/16 2.62
Note: Where Web-Plates are listed as
solid their areas were excluded.
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I
ERECTIONAL STRESSES IN STEEL ROOF TRUSSES.
Although it ie commonly supposed that a truss designed for top 
chord loads is sufficiently strong to withstand the reversals due 
to erection, the engineer who had this building in charge was 
strongly of the opinion that counter members were necessary to take 
up these erectional stresses. This is very evident from a reference 
to Fig. 5 which shows these counter members.
The method used in erecting this truss was what is known as the 
two fall method. The use of this method eliminates a great deal of 
expensive false work, but according to this engineer's method of 
design caused the use of quite a great deal of steel, which when 
the truss is in place is practically useless as far as strength goes, 
We would like to suggest two methods that in our opinion would 
eliminate this excess of steel at the same time allowing the use of 
the two fall method. In the first place it would have been very 
possible to place between the two lifts and the lower chord of the 
truss two large I-beams blocked so as to be either directly or in­
directly in contact with the lower chord. The weight of the truss 
which it is evident causes the only stresses during erection would 
then cause a deflection of each I-beam, this deflection distributing 
the stress over approximately the entire lower chord and joints
thereby allowing the factor of safety used in designing to take care’
of any excess stress or reversals of stress. By the second method 
which is probably more feasible a set of temporary counters would 
be inserted, of course previously providing for their attachment by 
either bolts or hooks. In case a set of cable counters were used 
the hook attachment with central turnbuckles would be best. If 
though, bar or angle counters were most advisable the bolt attach­
>
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ment would be the better. As is well known each truss must be 
raised and eventually lowered into place successively* The two 
suggested methods therefore would mecessitate the preparation of 
only one set of counters, these to be contracted for and provided 
by the erecting engineer. We are presenting herewith a set of 
three pictures illustrating a rather vague way probably but as well 
as can be by such a method the erection of the present trusses that 
are used.
We wish to add finally that the erection of a three-hinged
arch as it is done at present requires the erection of false work.«
Our truss is so designed that it can be erected in six pieces.
Figure 5 
Showing Counters 
in Present Truss
Figures 6 and 7 Showing Erection of Crescent Truss
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COMPARATIVE.COST
It has been our intention to show by the following tables on
pages -26, 27 and 28 the list of steel going into the construction
*
of each truss. We have eliminated from these tables the cost of 
anything that was duplicated in our design. All those things which 
became a direct necessity because of the presence of the three- 
hinged arch were included in our estimate. In making up the final
cost it was advisable to gage the two trusses on their cost per'
square foot of floor surface covered as the original dimensions had 
been retained in our design. We feel that this method, although 
not giving the cost of the present truss as it was probably original­
ly, still places these two trusses upon a basis for more fair 
estimation.
By the use of these tables we find that the crescent truss 
costs $ 0.59 per square foot while the three-hinged arch truss 
costs $ 0.58 per square foot.
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COMPARATIVE COST 
THREE-HINGED ARCH
Kind of Member Number of Feet Weight per Foot Total Weight
3-|x3-|x5/l6 Is 129.38 7.2 932.5
3x3-|x5/l6 /s 89.84 6.6 593.0
6x6xf Is 126.86 14.9 1890.0
6x4x-| /s 70.54 12.3 927.5
2-|x2x5/l6 /s 101.00 4.5 455.0
5x3-|xf /s 28.50 10.4 297.0
5x3x5/16 /s 19.66 8.2 161.0
3x2-|-xf /s 8.84 6.6 58.3
4x3x5/16 £s 46.42 • 7.2 334.0
5x3x7/16 /s 22.00 11.3 249.0
3^x21x5/16 /s 84.34 6.1 514.0
3x21x5/16 /s 40.68 5.6 262.0
4x3x1 /s 38.68 8.5 328.0
2lx2ix| /s 25.24 5.9 149.0
14x1 Plates 92.68 23.8 2205.0
16x1 Plates 46.51 27.2 1265.0
15x1 Plates 38.92 25.5 992.0
13x1 Plates 8.25 22.10 182.5
12x1 Plates 7.92 20.40 162.0
3 Solid Plates 1842.
9 Purlins 9668.
Total 23466.8
Details 2346.7
g r a n d TOTAL 25813.5
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COMPARATIVE COST 
CRESCENT TRUSS
Kind of Member 
4x6xf /s 
3x5xf /s 
4x6x|- /s 
3x4xf /s 
4x4x| /s 
2ix3-|x5/l6 Is 
3x2x£ Is 
3-§x6xij /s 
3x2x5/16 /s 
3l-x3xf Is 
3x5x5/16 /s 
l6xi Plates 
12xf Plates 
8xf Plates 
18x-| Plates 
36xf Plates 
2-jrx5/l6 Plates
Details
Number of Feet
54.0
504.8
82.8
778.4
26.4
40.0
8 .0
132.7
245.0
74.0
128.0
68.4 
141.6
52.5
33.2
32.0
49.5
Weight per Foot
20.0
9.8
16.2
8.5
9.8
6 . 1
4.1
15.3
5.0
7.9
8.2
27.2
15.3 
10.2 
30.6
45.9
2.7
Total
Total Weight 
1080.0
4950.0
1340.0
6620.0
259.0
244.0 
32.8
2030.0
1225.0
585.0
1050.0
1860.0
2170.0
536.0
1020.0
1470.0
133.4
26605.2
2660.5
29265.7GRAND TOTAL
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COMPARATIVE COST
THREE-HINGED ARCH CRESCENT TRUSS
Cost of
Steel
$ 478.00
Total Cost
Cost of 155.00 f 0.58
Draughting
per square
Shop Cost 258.14
foot
Cost of 
Erection
103.20
Total Cost 1094.34
Cost of $ 541.00
Steel Total Cost
Cost of 175.50 | 0.59
Draughting 
Shop Cost 292.68
per square
Cost of 117.20
foot
Erection
1126.38
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CONCLUSIONS
It would have been a very Interesting problem to study the 
effect of variations in the design of the three-hinged arch of a 
given span, upon the economy of the structure, but an enumeration of 
a few of them shows clearly that the scope of such a problem is al­
most unlimited. It would be interesting to note the effect of 
various curvatures in the upper and lower chords. The effect of 
different arrangements of web members, the effect of varying panel 
areas and lastly the effect of a series of different spacings of 
trusses. If we could by an allowance of sufficient time go through 
the various designs of an arch allowing one of these situations to 
be a variable while the remainder were constant, we most assuredly 
would arrive at some interesting and extremely valuable conclusions* 
Again suppose we were not limited even to a certain crescent truss 
or to a certain floor area we would increase the foregoing possi-
i
bilities twofold.
With this in mind our object was not to determine the most 
economical three-hinged arch for the purpose, but to choose a form 
of arch which we thought would present a most graceful interior and 
exterior as a whole and so to design this truss that each would not 
only add to the general effect but also as an individual unit would 
be an ornamental feature rather than an eyesore to even the most 
critical observer. This was our prime object and was inspired by 
the inelegant appearance of the interior. The secondary object and 
one equally as important was to obtain a design, which, while ac­
complishing the above purposes, would be economical, both in 
material and in shop and erectional costs.
With all the foregoing things in mind presenting as they do a 
probably unfair comparison we in our best judgment from the results
30
obtained in this thesis feel that the three-hinged truss far sur­
passes the crescent truss aesthetically while the three-hinged arch 
truss is probably somewhat cheaper than the crescent truss.
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DESCRIPTION OF PLATES
Plate I Interior Perspective with Designed Truss in Place
Plate II Structural Detail Sheet for Three-hinged Arch
Plate III Space and Dead Load Stress Diagrams
Plate IV Snow Overall and Wind Load Stress Diagrams
Plate V Snow on One Side & Balcony Load Stress Diagrams
Plate VI 1 l/2 inch Scale Detail of Joints 4-5-6-A See Plate III
5-6-7-M
Plate VII
6- 7-8-A
7- 8-9-M
8- 9-10-A
9- 10-11-M
Plate VIII 10- 11-12-A11- 12-13-M
Plate IX 12- 13-14-A13- 14-15-M
Plate X 14-15-16-A-B16-16-17-M
Plate XI 16- 17-18-B-C17- 18-19-M
Plate XII 1 l/2 inch Scale Detail of Joints 18-19-20-G-D19-20-21-M
Plate XIII 20- 21-22-D-E21- 22-23-M
Plate XIV 22- 23-24-E-F23- 24-25-M
Plate XV 24- 25-26-F-G25- 26-27-M
Plate XVI 26- 27-28-G-H27- 28-29-M
Plate XVII 28-29-30-H-J
Plate XVIII Purlin Space and Stress Diagrams
Plate XIX Typical Purlin Braces
Plate XX Typical Purlin Brace Joints
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